Abstract. Two of the prinicipal goals of plant systematics are: (1) to pr-ovide predictive systems of classification and (2) to develop phylogenies. Traditionally, both of these goals have been sought by conventional phyletic approaches. HoWever, the assumptions and methods of ai-riving at the classifications and phylogenies, especially as portrayed in phylogenetic tree diagrams, are frequiently not evident. Cladistics has recently evolved as a method of more precisely achieving these goals. Beginning with Hennig's methodology over two decades ago, several approaches, some involving computer techniques, have been developed. These include Parsimony (including Farris Trees and Networks), and Character Compatibility. The efficacy of these methods to plant systematics has not yet been fully appr-eciated, par-ticular-ly from the viewpoint of the practicing taxonomist. We recommend the routine tise of cladistics in revisionar-y studies or in any other type of investigation Which focuises on the development of phylogenetic trees. For the pr-acticing plant taxonomist, claclistics offers a method of constructinig phylogenies by objective and r-epeatable means. This presents certain advantages over inferring phylogeny by the convenitional imethocd, the most important of which is to facilitate discussion by a clear-presenitationi of procedures and evoluitionary assumptions.
Since the publication of Darwin's On the Origin of Species by Means of Natural Selection (1859), interest among systematists has developed toward understanding the evolutionary histories of organisms. This interest has continued and intensified until, at the present time, attempts to reconstruct phylogenies are regarded by most workers as a necessary and important part of systematic investigations. At the same time, much use has been made of the ideas inherent in the development of phylogenies for constructing classifications. These two activities usually go hand in hand and are together regarded by many workers as inseparable parts of the concepts and methods of modern phylogenetic systematics.
In the past two decades, interest has arisen towav-d looking critically at thiese time-tested ideas and procedures of phylogenetic systematics. Some critics, in fact (e.g., Sokal and Sneath, 1963; Colless, 1967) have suggested that phylogenetic evaluations be left apart from attempts to achieve m-aximally predictive classifications. This viewpoint has led to the well-known and useful area of "numerical taxonomy," which already has made many important contributions to systematic biology (cf. Sneath and Sokal, 1973 , for a review). Other workers have focused on the logical and philosophical aspects of phylogenetic systematics (e.g., Buck and Hull, 1966; Hull, 1967 Hull, , 1974 . Still other workers have become conerned with the concepts and methods of assessing phylogenetic relationships, and especially with the production of phylogenetic trees (for a history of the development of phylogenetic trees in biology (cf. Voss, 1952) . These later attempts to determine more clearly the phylogeny of organisms, and in particular their evolutionary branching patterns, have been given the label "cladistics" (Mayr, 1965 (Mayr, , 1969 .
Different cladistic approaches have been developed over the past 20 years, and one of the earliest and most influential was that of Hennig (1950 Hennig ( , 1966a . His ideas, although difficult to follow, provided a strong basis for future work. At about the same time, a method was developed by Wagner at the University of Michigan in the late 1950's, which has now become known as the Wagner Groundplan/Divergence method (Wagner, 1961 (Wagner, , 1966 . From these two initial approaches have come several others, most of which can be viewed as belonging to two basic types (Estabrook, this volume) : (1) Parsimony, and (2) Character Compatibility. These two approaches represent the principal options available at the present time which are most useful for the plant systematist.
Because cladistics has great potential for aiding in the discernment of the branching patterns of phylogenetic trees and in the construction of phylogenetic classifications, and because practicing plant taxonomists are engaged in these activities, we believe it helpful to offer a discussion of cladistics that is directed toward these workers. While many phylogenies have been produced by workers using informal methods, the assumptions and procedures behind these schemes are usually not stated clearly. Although the end-products may be useful, a full understanding of the portrayed relationships is often impeded because of a lack of information on how the scheme was devised. Use of explicit cladistic methods allows for improved communication on all aspects of the process of making a phylogeny as well as of the relationships it portrays. The purposes of our paper, therefore, are to: (1) explain the specific procedures involved with different cladistic methods; and (2) evaluate the utility of these procedures for the practicing plant taxonomist.
PROCEDURES OF SELECTED CLADISTIC METHODS
A number of different cladistic methods for determining relationships already have been developed. These methods provide an objective basis for determining branching patterns which can then be used in constructing phylogenies. The concepts and ideas of these different cladistic approaches have been discussed in the previous paper by Estabrook (1978) . It is our intent, therefore, to present the procedures of the different methods that we believe are most applicable to practicing plant systematists. Some methods, such as the statistical techniques of Edwards and Cavalli-Sforza (1964;  see also further refinements by Felsenstein, 1973) and those used in studies of macromolecular evolution (e.g., Fitch and Margoliash, 1967; Dickerson, 1971; Fitch, 1971 Fitch, , 1975 Boulter, 1973 Boulter, , 1974 Beyer et al., 1974; Penny, 1976; Goodman and Pechere, 1977; Moore and Goodman, 1977) will not be discussed here. Due to the many overlapping similarities and the historical development of the different cladistic methods, there are several ways that they can be grouped. One way is to separate them on whether they are based on similarities or differences of character states. For instance, the methods of Farris (tree/network), Nelson and Van Horn, Prim, and Wiffin and Bierner are based on Manhattan Distance. The resulting network/ tree is formed by using in some manner the minimum amount of distance between OTU's.2 Because these methods are the result of differences, it is often not necessary to specify primitive and advanced character states. On the other hand, methods such as those of Hennig, Wagner, Camin and Sokal, Farris (WISS) , and Estabrook are based in some manner on shared derived character states. Because they are based on the maximum number of these shared derived states, it is usually necessary to determine the primitive and advanced conditions of each character. Those two groups of methods give two different ways of looking at the same taxa.
Another way of grouping the different cladistic techniques (following Estabrook, this number) is into Parsimony or Character Compatibility. This grouping is used here to facilitate comparison with the previous paper. For employment of either of these general cladistic approaches to produce a directional evolutionary tree, the characters used in an analysis must be divisible into states, and either primitive and advanced character states or an ancestral taxon within the group must be selected. Two basic matrices are necessary for most of these methods. The first is a basic data matrix (Table 1) in which the numerical values represent the state of each character for each taxon. The second matrix is one showing Manhattan Distance (Table 2) , which is simply the sum of the differences of the absolute values of all the character states for which any two taxa differ. Because the taxonomist rarely knows all aspects of the course of evolution for a particular group (even if fossils are available), some assumptions about how evolution proceeds must be made before phylogenies can be constructed. Although evolution has undoubtedly proceded in different ways and at different rates within various taxa, in the absence of evidence to the contrary, one alternative is to assume the shortest and most feasible pathway. Within this context, two kinds of methods have been developed: those which do not allow reversal of character tr-ends, and those which do.
No Reversals of Character Trends Permitted.-This alternative assumes not only that evolution has proceded in the shortest way, but also that no reversals in character trends have resulted. This concept has been discussed by several workers in detail (e.g., Camin and Sokal, 1965; Wilson, 1965) , and it clearly is an assumption that is valid for some characters, but not for others. Camin and Sokal (1965) developed a method that assumes: (1) that we have knowledge of the direction of the evolutionary trends within characters, and that the character states can be arrayed in an evolutionary sequence from primitive to derived; (2) that the ancestral state arose only once in the taxa at hand; and (3) that evolution is irreversible. The primitive state of each character is coded as zero and the derived states positive or negative. A linear sequence is constructed for each character, the patterns of which are irreversible. The pattern of one character is drawn based on the states of each OTU, and then all the remaining characters are fitted to this pattern. The number of extra steps for-each pattern is calculated, and the tree with the smallest number of extra steps is the most parsimonious. This method results in the "optimal pattern" cladogram. There are two additional methods for refining the cladogram and making it more parsimonious. One removes characters and OTU's by trial and error and the other removes branches to search for a cladogram with even fewer steps. These techniques are infrequently used, although one application to a plant group does exist (Baum, 1975) . Directions are available for making computations by hand (Camin and Sokal, 1965) but they are cumbersome in large groups. Computer programs are also available (CLADON I, II, and III, respectively, used in sequence; Bartcher, 1966) but they are inefficient. Estabrook (1968) refined the programns by limiting the number of nodes to be considered. The most efficient program for drawing cladograms based on the principles of Camin and Sokal, however, has been devised by Nastansky, Selkow, and Stewart (1974) . Farris, Kluge, and Eckhardt (1970) developed a method called the Weighted Invariant Step Strategy (WISS) which also assumes that no reversals have taken place. This method is based on the idea that the larger the number of derived character states shared by a group of OTU's, the more likely it represents a monophyletic group. The method involves selecting a group of OTU's that has the largest number of derived steps. These are determined by constructing a data matrix and character state tree for each character, and by then counting the number of derived steps each pair of OTU's has in common. Once a group of OTU's has been chosen, it is removed from further consideration and replaced by the calculated most recent common ancestor to find the next most closely related OTU, and so on, until a tree is constructed. Although this method can be done manually, a computer program is available (Farris et al., 1970 ) that will handle larger numbers of characters and OTU's. The technique also includes an option of using character state networks (in which the direction of evolution has not been stated) instead of trees. Neither approach has yet been used with any plant group.
Reversal of Character Trends Permittedl.-These methods seek the most parsimonious route for branching patterns, but they also permit the reversal of character trends. Character reversal is an important factor in plant systematics because reversals in most types of characters are known to have occurred (Eyde, 1975) .
The least complicated of this type of parsimonious methods is that of Kruskal (1956) and Prim (1957) . There is no biological theory attached to this type of program; it was developed in order to determine the shortest possible network of direct links between a given set of telephone terminals. It simply attaches taxa together that have the least distance from one another. The procedures of the method as presented by Farris (1970) are simple: (1) pick an OTU as a starting point; (2) find the OTU that is closest to it (smallest Manhattan Distance) and connect them; (3) compute the Manhattan Distance between each of the remaining OTU's and the OTU most recently added to the network; (4) find the OTU that is closest to the most recently added OTU and add it by connecting it to the node from which it differs least; (5) continue until all OTU's have been placed. An example of the resultant network of relationships is shown in Figure 1 . For additional details of both the algorithm and the Fortran IV program to perform it, refer to Farris (1970) .
Wagner developed a simple operational method for estimating branching patterns in the 1950's and it was used several times (e.g., Hardin, 1957; Iltis, 1959) before he published it in 1961. His method assumes that there is a basic groundplan of similarity underlying all phylogenetic groupings, that plants which have in common a majority of similar advanced characteristics have the same common ancestry, and that evolution usually proceeds in various directions and in different lines. The primitive states of characters (and hence also the advanced states) are determined by assuming that they are likely to be widespread within a group (cf. Estabrook, 1977 , for comments on this criterion), to be associated with primitive states of other characters known from other evidence, and to be present in many of the representatives of closely related groups (out-group comparison).
There are four major procedural steps in the Wagner Groundplan/Divergence method: (1) study the taxa and select a primitive state for each character (usually only those characters are selected for which there is a strong indication of evolutionary directionality); (2) construct a basic data matrix assigning a value of zero to the primitive state and a value of one to the derived state [a value of 0.5 or any other intermediate value can be assigned to an intermediate state (or states) if so desired]; (3) sum the values of the characters for each OTU to find the total divergence value; (4) place each OTU on a diagram consisting of concentric hemicircles (Fig. 2) on the line that corresponds to its total divergence value (the level of divergence increases from the center outward on the diagram); and (5) join OTU's on different circles with the maximum number of shared derived character states. Hypothetical taxa (sometimes called HTU's, "hypothetical taxonomic units," Farris, 1970) are often postulated to provide needed branching points on the diagram. Examples of this method are available in Hardin (1957) , Benson (1962) , Mickel (1962) , Scora (1967) , Wagner (1969) , Solbrig (1970), and Bacon (1978) .
After the development of Wagner's Groundplan/Divergence method, several programs were written so that large groups of characters and FIG. 1. Graphic presentation of the cladistic relationships of Gutierrezia (Compositae) constructed by the method of Prim-Kruskal (from Solbrig, 1970, p. 227 Baum (1975 Baum ( , p. 2125 for the hexaploid species of Avena (Gramineae). The differences in the trees result from different HTU's being chosen as the ancestor. The numbers on the branches refer to cladistic distance. taxa could be handled by computers. Because each of these programs gives a somewhat different cladogram from the same data, it is necessary to understand the basic assumptions of the programs so that the result can be intelligently evaluated. Two of the programs will be mentioned here: Farris (Wagner) Networks3 and Farris (Wagner) Trees3 (Kluge and Farris, 1969; Farris, 1970) . A Farris Network for a set of OTU's is that which has the smallest numerical value for the sum of the lengths between all the internodes in the network. Such a network is formed by beginning with the two OTU's that have the greatest distance from one another (based on the Manhattan Distance) and adding OTU's to the network starting with those with the largest distance. To construct the most parsimonious network, it is sometimes necessary to use hypothetical taxonomic units (HTU's), the character states of which are determined by the program. A Farris Network of a particular group can be changed to a tree with no change in length by selecting one OTU (or HTU) as the ancestor. One method of making such a selection is given by Lundberg (1972) .
A Farris Tree is the same as a Network except that directionality of linkage is implied (i.e., the network is "rooted"; Fig. 3) .A Farris Tree is formed by adding OTU's one at a time to a network which initially consists of a single node, the ancestor. The order in which OTU's are added is determined by the Manhattan Distance of each OTU to the ancestor. OTU's with small distances are added first and at each stage an HTU is added. The internodal distance is also calculated. Methods are available for increasing the parsimony of the trees (Farris, 1970) . Refer to Kluge and Farris (1969) and Farris (1970) for a detailed discussion of the principles on which the trees and networks of Farris are based and to Solbrig (1970) , Baum (1975) , and Brothers (1975) for examples of their application.
Several methods have been developed that are variations on Farris' Networks or Trees, and one of the most important is that of Nelson and van Horn (1975; Fig. 4) . In this application the amount of computation required is minimal, and the number of states for each character is not limited. The network is formed by joing the two OTU's with the smallest Manhattan Distance and adding subsequent OTU's that are the closest to the average values of the growing network. Between the OTU's are HTU's, the character states of which are intermediate to those of the surrounding taxa. This method is different from those of Farris in that it simplifies the selection of character states for the HTU's, and it eliminates the complex internodal distance formula. Several networks can be generated, and the one with a minimum number of evolutionary steps may be preferred (cf. Lundberg, 1972, for Nelson and van Horn (1975, p. 368) . The numbers in parentheses refer to the total nuimbei-of character state changes from one taxon to another on the network. The assignied nuimbeir of each character and the designation of state-changes (e.g., 0-1) are also shown on each branch. meaningful networks). To turn the network into a tree, one OTU (or HTU) is selected as the ancestor (Fig. 5) . This application of the parsimony method has recently been used by Bierner, Dennis and Wofford (1977) and can easily be performed by following the directions given by Nelson and van Horn (1975) . Whiffin and Bierner (1972) have reduced parsimony to its simplest level. Their method for constructing a cladogram uses the same characters as one would normally use in a tree, but does not make any assumptions as to which state of each character is primitive and which is advanced. The only assumption necessary is that one taxon represents the most primitive condition in all features. The method can handle ten to twenty characters, is simple to understand, has very little statistics, and is easy to use. The basic steps are as follows: (1) a basic data matrix is drawn using zero or one for the character states; (2) a Manhattan Distance matrix is constructed; (3) one taxon is designated as the most primitive; (4) the remaining taxa are listed in order of their increasing difference from the ancestral taxon; (5) the taxon that is first on the list is added to the tree above the ancestral taxon; and (6) the next taxon from the list is taken and added to the OTU which is the closest (i.e., has the smallest Manhattan Distance). There are no internodal distances, no HTU's, and no formulas. The program actually is similar to the Prim Network except that OTU's are added in order of their similarity to a specific (ancestral) OTU rather than to the whole network.
Methods Maximizing the Amount of Character Compatibility
These methods require assumptions on which states are primitive and which are advanced, and seek to find the evolutionary tree that is supported by the maximum number of characters. As with evolutionary parsimony, this procedure may be done either by hand, or by computer if many taxa and characters are involved.
One of the first approaches to cladistic methodology of any type was by Hennig (1950) . Because of the place and language of publication, Hennig's ideas received very little attention until a revised version was published in English in 1966. Since that time, more attention has been given to Hennig's work, and many authors have commented on the basic concepts (e.g., Cain, 1967; Colless, 1967 Colless, , 1969a Watt, 1968; Bock, 1968; Byers, 1969; Mayr, 1969; Schlee, 1969 Schlee, , 1975 Darlington, 1970; Farris, Kluge, and Eckardt, 1970; Nelson, 1971 Nelson, , 1972a Nelson, , b, 1973 Estabrook, 1972; LeQuesne, 1972 LeQuesne, , 1974 Ashlock, 1974; Cracraft, 1975; Hill, 1975; Lovtrup, 1975; Hecht, 1976; Engelman and Wiley, 1977; Farris, 1977; Szalay, 1977) . In addition, two useful summaries of Hennig's ideas have been presented: one by Hennig himself (1965) , and the other by Kavanaugh (1972) .
Hennig's cladistic method is really quite simple, although much space is devoted to it and related side issues in his book. First, primitive and derived character states must be determined. This is done by making assumptions from data on morphology, chemistry, physiology, etc. (= holomorphology), distribution (=chorology), paleontology, and parasitology. Once advanced states are decided, they are used to suggest evolutionary character state trends (transformational series). The more shared advanced character states (synapomorphies) that taxa possess, the stronger the phylogeny is believed to be. Basically, one begins with a number of characters that are believed to show evolutionary directionality, and the taxa are joined in tree-fashion based on the maximum number of shared derived character states (Fig. 6) . The most complete examples of how the method might work have been provided by Brundin (1966) , Hennig (1966b) , Brothers (1975) , Bremer (1976) , Ehrendorfer et al. (1977) , and Bremer and Wanntorp (1978) .
In the last few years, Estabrook and coworkers (Estabrook, Johnson, and McMorris, 1975, 1976a, b) have developed a new program that quantifies many of the principles of Hennig (1966ca) . First, the pattern of evolution is drawn in tree form for each character; the resulting diagram can branch in a variety of ways and can handle hypothetical character states. Next, each taxon is coded as to which character state it has for each character. Then the taxa are assigned to the proper character state on each character state tree and the resulting dendrogram can be called a taxa character state tree. Finally, each of these taxa character state trees is compared against other such trees. The cladogram in agreement with the largest collection of these trees can be considered as the most likely representation of the phylogeny of the group. Refer to the following two papers for examples of the application of this method (Estabrook and Anderson, 1978 ; Gardner and La Duke, this number).
Constructing Classifications
Cladistic methods not only are useful in the production of phylogenies, but also in grouping and ranking of taxa (based on the phylogenies) for purposes of classification. Taxa in sections of a cladogram are simply referred to appropriate levels in the hierarchy such as species, genera, families, etc. Although any of the described methods are potentially helpful in this way, Hennig (1966a) proposes a formal method, especially for ranking. With this procedure the lower and higher level grouping (the latter called "relative ranking" by Hennig) is based on the criterion of monophyly, i.e., a group of taxa coming from the same "stem" or ancestral species in the phylogeny. The hierarchical rank ("absolute ranking" of Hennig) that each group should have is precisely determined by its geological age of origin: for divisions (or phyla) the Precambrian; for classes, the Devonian; for orders, the Permian; for families, Lower Cretaceous; for tribes, Oligocene; and for genera, Miocene. Such a rigid approach to ranking deserves serious attention, but in plant groups it does not hold up well in comparison to existing data. For example, most of the divisions of land plants or-iginated in the Devonian rather than in the Precambrian (Banks, 1970) , although for the divisions of algae the concepts may be correct. The idea that the higher one goes in the taxonomic hierarchy the older the groups become must be generally correct, but differences in rates of evolution cause this not to hold true in many specific instances. Hence, the clearly defined procedure of Hennig for absolute ranking of taxa is not suitable for either higher taxonomic rianks, or infrageneric categories (due to widely differing ages of particular species and varieties) where much of the activity of classification and making of phylogenies takes place.
EVALUATION OF DIFFERENT CLADISTIC METHODS
Having introduced the different cladistic inethods in the previous section of the paper, we now turn to an evaluation of these approaches for the practicing plant taxonomist. Because classical taxonomists may be less than enthusiastic about any method involving computers, man-ual procedures are discussed first followed by computer applications. Published examples, primarily from the botanical literature, also are given.
Manual Procedures
Several methods have been developed which allow phylogenies to be constructed in an objective and well-defined manner, and which are relatively simple to use and can be done by hand (i.e., without use of a computer). These manual procedur-es work best with small numbers of taxa and few characters (up to a maximum of 20 taxa and 20 characters). This is not a serious limitation, however, for many ievisionary studies deal with this number or fewer taxa, and many workers may find it difficult to select even 20 characters for which primitive and advanced states can be satisfactorily assigned. For those workers experienced in making phylogenies by the conventional phyletic method, we recommend beginning with a small group of taxa and working through one of the procedures manually before turning to the computer applications. The latter are conceptually as simple as the former, but there are difficulties involved in obtaining a computer program and getting it to run on a new system.
Probably the simplest and most easily understood manual procedure of cladistics is Wagner's Groundplan/Divergence method. The simplicity of this method derives from the absence of complicated assumptions and difficult procedures as described above. This method has been used already to good effect by many workers (e.g., Hardin, 1957; Iltis, 1959; Stern, 1961; Mickel, 1962; Myint, 1966; Scora, 1967; Solbrig, 1970; Fryxell, 1971) .
Another manual procedure that is easy to use is that of Henn-ig (1966a) . The graphic display is a conventional tree diagram with all recent taxa in the same plane (Fig. 6) , which avoids the undesirable impli-cation that modern-day taxa have given rise to other extant taxa (Stebbins, 1975 ). Although it is theoretically possible to use any number of taxa and characters, with large numbers the amount of parallelisms and reversals increases until it is difficult to construct a tree. There is, therefore, a tendency to decrease the number of characters as the number of taxa increases, and the cladogram becomes based upon less information. The only published uses of this method for plants are by Bremer (1976) , Ehrendorfer et al. (1977) , and Bremer and Wanntorp (1978) . More detailed examples, but of animal groups, can be found in Brundin (1966) , Hennig (1966b), and Brothers (1975) . A modification of the Hennig procedure has been developed by Johnson and Briggs (1975) under the title of a "comparative method." In this analysis, which deals with the Proteaceae, a less rigid procedure for devising a phylogeny based on shared derived character states is presented. It is not described in great detail, but it deserves attention from the taxonomist interested in the Hennig-type methodology.
The Whiffin and Bierner (1972) method also can be done by hand. Because of simplicity of calculation and absence of determining ancestral and derived character states (a single taxon is selected as the progenitor), this method is very easy to use. It is helpful in revealing preliminary branching patterns in a particular group, especially if a full understanding of character trends has not yet been attained. T he selection of one OTU as the ancestor, however, automatically determines that all character states of that taxon are primitive, which may not always be true. This procedure allows for ease of construction of a cladogram, but the information content is less than in other methods.
The most useful manual method to evolve from the Farris programs is that of Nelson and van Horn (1975; Figs. 4 and 5) . Aside from the limitations inherent in most cladistic methods such as assuming that all evolution must be dichotomous and that the evolution of character trends must be unidirectional, this method has much to recommend it. The resultant networks and trees are generated in the same fashion as with Farris' Network program, but the technique is much easier to use and without difficult calculations. All extant taxa are put at the end points of the branches, which avoids the undesirable implications of the Wagner Groundplan/Divergence method which has living taxa evolving from each other on the tree. A recent application of the method is by Bierner, Dennis and Wofford (1977) .
Computer Procedures
All the computer procedures can be calculated by hand with a small data set. Before running the program, therefore, it is helpful to work through the algorithm manually to learn what is actually happening to the data. Once a basic understanding has been attained, large numbers of OTUs and characters can be handled.
Programs for Prim-Kruskal Networks, although simple and easy to use, are infrequently employed in cladistic analysis. These programs produce a less accurate diagram than many of the others, because they are designed to find the shortest route between taxa without consideration of the character trends involved. The shortcomings of these methods are similar to those of the Whiffin and Bierner approach (1972; see previous discussion) . The techniques are useful, however, in giving a general idea of the cladistics of a group, such as was done by Solbrig (1970) .
The programs of Farris (1970; Kluge and Farris, 1969; and Farris, Kluge, and Eckardt, 1970) eliminate the need for making a priori assumptions about primitive and advanced character states except for one of the options of WISS). These techniques allow use of large numbers of OTUs and characters. Also, phenetic relationships are shown by the internodal distances, which result in an informative cladogram. However, the procedures in the program are difficult for the non-mathematically oriented person to comprehend, because the explanations rely heavily on formulas (Kluge and Farris, 1969; Farris, 1970; Farris, Kluge and Eckardt, 1970) . In some of these programs, weighting occurs so that the more conservative characters are more influential in developing the network/trees. The characters are coded in a linear fashion and although no primitive and derived states are chosen, one must eventually select an ancestor, the character states of which become the primitive states for the group. Solbrig (1970) has used this method to good effect as a supplement to cytological and distributional considerations in Gutierrezia (Compositae). See also Luteyn (1976) for an application with another group of flowering plants. Although not a botanical example, Brothers (1975) has an interesting treatment using both Farris Tree and Hennig methods to determine the phylogeny of a group of Hymenoptera. The inconsistencies of the results were compared, which located problems in the data and their coding.
The program by Camin and Sokal (1965) , while historically important, is rarely used because of the availability of more efficient procedures. Two papers exist, however, which compare the method of Farris with that of Camin and Sokal. Baum (1975, 1977a ) uses these two cladistic methods to understand the phylogenies of diploid and hexaploid species of Avena, and he found that the total number of steps in the Farris Trees was considerably less than in the Camin and Sokal method. Each tree had its own merits and the most parsimonious was chosen as the most plausible. Another paper using both programs compares the theories as well as the procedures (Smith and Koehn, 1971 ).
Estabrook's method of Character Compatibility is still somehwat new, but it has already been used several times (Bau, 1977b; Estabrook, Strauch, and Fiala, 1971; Baum and Estabrook, 1978; Estabrook and Anderson, this number; and Gardner and La Duke, this number) . Character Compatibility has at least two advantages: (1) evolution can proceed in many directions in each character, not just linearly as in most of the other methods; and (2) inconsistencies in the data which may be due to incorrect coding, incorrect interpretation of data, or parallelisms and reversals, are more easily detectable.
CONCLUSION
The different available cladistic methods provide the practicing plant taxonomist with a selection of techniques from which to choose. It is therefore important to understand the strengths and weaknesses of each of the methods, because some will be more appropriate for specific problems and for certain workers than will others. For instance, some of the methods such as those by Hennig, Estabrook, Wagner, and Camin and Sokal require the indication of primitive and advanced character states. Others such as Nelson and van Horn and Farris do not, but to form a tree one must select the most primitive taxon and thus indirectly choose the primitive condition. Some of the cladograms can be easily constructed by hand and work well for small numbers of taxa. However, the larger the number of taxa and characters being considered, the more cumbersome and time-consuming the manual operations become. A problem involving more than 20 taxa or characters would be more easily handled by a computer program. One should also recognize the basic differences between the two methods of parsimony and character compatibility. Parsimony methods arc guessing procedures that use different strategies in order to find the shortest cladogram. Character Compatibility methods stress coordination of the characters to find the cladogram that agrees with the largest number of possible tr-ees. The decision on which of these ideas to follow will depend upon the background of evolutionary thinking of the individual worker, and which alternative seems most appropriate for a particular problem. As no mathematical theory for constructing phylogenies exists at present, either approach is likely to provide an acceptable representation of the true phylogeny. Perhaps a useful goal is to understand and employ a number of the methods well, so that the results can be compared and explanations sought for any discrepancies.
One deficiency with all cladistic methods is that reticulate evolution cannot be detected or demonstrated graphically (Sneath, 1975) . In plants, this is a serious difficulty, because many species have evolved by allopolyploidy (Grant, 1971) . If information (such as cytogenetic data) is available that suggests allopolyploidy, or even evolution by hybridization at the diploid level, then adjustments must be made in the resultant diagrams to reflect these known facts.
For the practicing plant taxonomist, cladistics offers a method of constructing phylogenies by objective and repeatable means. Because the development of phylogenies by traditional methods often involves personal or "intuitive" judgements, differences between phyletic schemes for the same plant taxa are difficult to resolve because of a lack of un-derstanding of the evolutionary assumptions used and the ways in which the trees were generated. In contrast, cladistic methodology facilitates discussion by a clear presentation of evolutionary assumptions and operational procedures.
